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ABSTRACT 


In order to dynamicly monitor and manage the working 
state of space science experiment payloads, the large 
volume of science data should be performed for real-time 
transmission. According to this requirement, the paper 
proposes a design scheme of main information network 
based on Ethernet. A microprocessor TMS320F2812 and 
the Ethernet interface chip KSZ8851 are applied to set up 
the Ethernet communication module of the payloads. The 
paper illuminates the hardware realization of the scheme 
with these two chips, as well as the software which is 
composed of drivers of transceiver register, the data 
definition of the telemetering data format and the data 
packing upon UDP/IP protocol. UDP protocol allows the 
fastest and simple way of transmitting data to the receiver. 
CCSDS packet format as a standard protocol in space data 
transformation is adopted in the UDP data packets. The 
experiment results show that the communication module 
can successfully transmit the data between Science 
Experiment Payloads and LAPTOP(or Data management 
unit) with a good real-time performance in the simple point- 
to-point circumstance. 


Index Terms— Space science experiment payloads, 
DSP, Ethernet interface, KSZ8851, UDP protocol 


1. INTRODUCTION 


China have been developed many space science 
experiments in the area such as space bioscience, fluid 
physics, material science and fundamental physics. In these 
space science projects, real-time data collection and 
transformation system is required to monitor engineering 
parameters and scientific data. There are several methods 
about science experiment data transmission on-orbit. 
Following with the commercial Ethernet technology’s 
maturation, Ethernet technology has been adopted on the 
international space station to achieve the communication 
function in ISS [1]. 

Considering the mature technology, simple structure 
and flexibility of Ethernet, China is also advancing the 
research and application of Ethernet technology on the 
space science experiment payloads [2]. 
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One of our science experiment payloads have been 
applied the Ethernet communication technology. As shown 
in the figure 1, the payloads are connected to the switch 
through Ethernet interface, then performing the packed 
science data transmission by Ethernet communication 
protocol. The data can either be sent downlink to ground for 
processing, storage and analysis, or displayed directly in the 
astronaut’s laptop or data management unit. 


EEE E ea, AE eee 


Q Spaceborne router 
\ Ground computer 


Fig. 1. Communication framework of one space science 
experiment payloads. 


Actually, the internet interface design is a relatively 
complicated course. The TCP/IP protocol’s demand of its 
solution makes the conventional circuit less scientific and 
undesirable. The technique of digital signal processor(DSP) 
is one of the typical representatives of modern intelligent 
signal processing technology developed in recent years, 
whose products have become into serialization and 
diversification. Therefore we present a scheme that applies 
TMS320F2812 as microprocessor and KSZ8851_ as 
Ethernet interface in our Ethernet communication module 
of space science experiment payloads, both chips are widely 
used in the civilian and also have corresponding high-grade 
devices which satisfy the reliability requirements of 
Aerospace. 


2. THE DESCRIPTION OF HARDWARE DESIGN 


2.1 The description of TMS320F2812 


TMS320F2812, which was performed by TI Company in 
2003, is a high performance 32 bit fixed-point DSP 
controller. So far, it is becoming one of the most advanced 
processor in control field. TMS320F2812 has some unique 
characters as followings: 

© 150MHz, 150MIPS, 32-bit fixed point digital 
signal processor, which can improve the control 
system response speed and handling precision. 
On-chip memories contains up to 128Kx16 
FLASH and up to 18kx16 SARAM as well as 4K 
ROM, a 16 channels 12 bit high-speed ADC. 
1.8V core voltage, 3.3V I/O voltage, the loss is 
very low. 
Peripheral modules: Event Manager, SCI, SPI, 
eCAN, McBSP etc. 
Development tools include ANSI C/C++ 
Compiler/Assembler/Linker, Code Composer 
Studio IDE, DSP/BIOS, JTAG scan controller. 
Programmer may develop application in high- 
level program language such as C language and 
C++ language. It will reduce the cycle of 
software design greatly and ensure realization of 
the highest compiling efficiency [3]. 

Addition, TMS320F2812 also provides external 
interface(XINTF) which adopts non-multiplexed 
asynchronous bus to expand external devices. An XINTF 
zone is a region in the DSP memory map that is directly 
connected to the external interface. The external address 
bus, XA, on the DSP memory is 19 bits wide and is shared 
by the entire zone. What external addresses are generated 
depends on which zones are being accessed. XINTF can 
expand the off-chip memory and external peripherals [4]. 
In our space science payloads system, the network 
controller KSZ8851 is expanded to DSP through XINTF, 
thus realize the Ethernet communication of the system. 


2.2 The introduce of KSZ8851 


KSZ8851 is a single-port Ethernet controller chip produced 
by Micrel Inc, which implements the functions of Ethernet 
media access layer(MAC) and physical layer(PHY). The 
KSZ8851 integrates a Fast Ethernet MAC/PHY with an 
8/16/32 bit generic host processor interface and SPI 
interface. The device has 18KB of internal buffer memory 
shared between the RXQ and TXQ. The buffer memory on 
the receive queue is 12KB while the buffer memory for the 
transmit queue is 6KB. It supports a variety of interface 
with the embedded micro-controller and microprocessor 
(MPU). The advantages include small size, low power 
consumption, flexible configuration and ease to use. It is 
worth mentioning that KSZ8851 has a corresponding 
military temperature grade device of COTS thus suitable for 
the space science experiments. 
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Fig.2. KSZ8851 block diagram. 


The features and descriptions of KSZ8851 are mainly 
shown as follows: 
@ Signal chip 1OBASE-T/100BASE-TX Ethernet 
controller with IEEE802.3u support. 
Supports IEEE 802.3x full-duplex flow control and 
half-duplex back pressure collision flow control. 
Signal bus timing for register and data accesses. 
Flexible 8-bit, 16-bit, 32-bit generic host processor 
interfaces and SPI host interface. 
Support both big-and little-Endian processors. 
Support TCP/UDP/ICMP/IPv4/IPv6 32-bit CRC 
checksum generation and checking [5]. 


2.3 The hardware interface design 


KSZ8851 is a low-power CMOS processor that features a 
signal 3.3V power supply with options for 1.8V, 2.5V and 
3.3V VDD I/O, so it can connect directly to the pins of 
TMS320F2812. The system is composed of several units 
including the main DSP core, the power supply, the reset 
circuit, the main clock circuit and other interface units. The 
pins RD and WR of the main DSP core TMS320F2812 are 
connected to the pins and WR of KSZ8851 respectively as 
shown in Figure 3. The PILED1 of KSZ8851 is the mode 
selection pin, 16-bit bus mode is selected when the pin NC 
or pull-up, 8-bit bus mode is selected when the pin pull- 
down. We adopt 16-bit bus mode in our design. The pins of 
KSZ8851 that connected to DSP mainly include 16 bits 
data bus, RD,WR and CS. CS is connected to the 


XZCSOANDI pin of DSP that enable KSZ8851 to become 
an external expansion address area. CMD of KSZ8851 is 
connected to the GPIOB10 pin of DSP, when common 
input is low, the access of shared bus is for data access, but 
when common input is high, and the access of shared bus is 
for address access. And then, the linkage between receiving 
signal line RX+, RX-and transmit signal line TX+,TX- was 
realized by connecting the Ethernet crystal-hand RJ45 
through the isolation transformer. The major effect of the 
isolation transformer is to insulate the embedded system 
and External line and to realize hot plug function [6]. 
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Fig. 3. The block diagram of communication module. 


3. THE SOFTWARE DESIGN OF ETHERNET 
COMMUNICATION 


3.1 The flow chart of the software overall design 


DSP controls the running of the entire system as the master 
CPU. After system power on, as shown in the figure 4, 
KSZ8851 initialization is first performed by processor 
through the bus line, then the communication module enter 
the data transceiver waiting state. The science data is 
encapsulated by the upper layer protocol and then 
transmitted to the send buffer of KSZ8851 byte by byte. 
When the send command is enabled, KSZ8851 packets the 
MAC data frame and transmits them automatically. While 
receiving the Ethernet data frame, the main processor tests 
the validity about them, if the header is incorrect or CRC 
error, the frame is discarded, otherwise save the correct data 
frame and then sends them to the upper layer. 
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Fig. 4. Software flow of Ethernet communication. 


Analyze the frame 


The software of the design is mainly composed of the 
underlying network card driver, the packing of CCSDS 
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telemetry data and the realization of the embedded UDP/IP 
stack. 


3.2 The software control of KSZ8851 


In order to start the network controller KSZ8851 at the 
ready state about data transceiver, we must process the 
initialize configuration. All of control and status registers 
in KSZ8851 are accessed indirectly depending on CMD pin. 
The command sequence to access the specified control and 
status register is to write the register’s address(when 
CMD=1) then read or write this register data(when 
CMD=0). 
KSZ8851 initialization steps are as follows: 

@ Set the MAC address of KSZ8851. 

@ Enable the data transceiver pointer. 

@ Set the transceiver control register. 

@ Set the interrupt state/enable register. 

The inner part of KSZ8851 contains 18KB SRAM 
which is used as the data transceiver buffer, among them 
there are 6KB send data buffer and 12KB receive data 
buffer. Read the chip ID 0x8870 correctly at first and then 
set the critical register, KSZ8851 will be startup correctly in 
the working state. If it restarts because of an abnormal 
phenomenon, the same operation should be processed again 
to recover it to normal. When detecting the data send signal, 
the data package in send buffer is treated as the Ethernet 
data packet and then sends out. When receiving the data, 
KSZ8851 will generate a data receive interrupt, the 
interrupt service routine read out the received data packet 
and then put them to the upper protocol [7]. 


3.3 The software control of KSZ8851 


CCSDS standard has become widely used as a basic 
document that each country and institution of the 
international space community enacting and implementing 
the application standard itself. The valid data of the space 
science experiment payloads adopt CCSDS standard, they 
locate in the DATA district of UDP datagram, the entire 
length is 1024 bytes. As shown in the figure 6, the CCSDS 
source packet type is composed of packet dominant header 
and packet data. 


Packet dominant header. 6 bytes (48bit) Packet data 
Packet data package 
sequence controll 
Packet assistant heade: 
Packet Packet (selectively) Stace 
version Type Assistant | application Group Packet | Data Include: time, data 
000 0 header process boa Sequenc | length | Packet format message 
flag identifier en | e counter! Aided data, 
3bit lbit Ibit llbit 2bit l4bit | 16bit variable variable 


Fig. 5. CCSDS packet format of data from isolation platform to 
LAPTOP. 


The packet dominant header that account for 6 bytes is 
composed of package identifier(16bit), package sequence 
control(16bit), package size(16bit). The package identifier 
consists of package version number (3bit), type (lbit), 
assistant dominant header sign (lbit), and application 
process identifier (11bit). The package sequence control 
consists of group sign (2 bit) and package sequence counter 
(14bit). The package size (16bit) indicates the entire byte 
number from the first byte of assistant dominant header to 
the end of the package. Packet data is composed of packet 
assistant dormant head and source data strict. The assistant 
header flag of the packet dominant header determine the 
existence of the packet [8]. The science data about the space 
experiment payloads working state are located in the source 
data strict. 


3.4 The software design of upper communication 
protocol 


TCP/IP is the fundamental communications protocol of the 
Internet. TCP and UDP are two protocols of TCP/IP 
transmission layer protocol. The application decides which 
transport protocol is used. UDP is a transport layer protocol 
that provides connection-less delivery service in OSI 
Reference Model. TCP is a reliable, connection-oriented 
protocol that provides error checking and flow control 
function. TCP is capable of detecting congestion in the 
network and will back off transmission speed when 
congestion occurs. These features protect the network from 
congestion collapse. Unfortunately due to the fact that TCP 
is a reliable service, delays will be introduced whenever a 
bit error or packet loss occurs. This delay is caused by 
retransmission of the broken packet, along with any 
successive packets that may have already been sent. This 
can be a large source of jitter that rendering TCP unusable 
for real-time services. For these reasons we use UDP for the 
data transmission. UDP allows the fastest and most simple 
way of transmitting data to the receiver. There is no 
interference in the stream of data that can be possibly 
avoided. This provides the way for an application to get as 
close to meeting real-time constraints as possible [9]. In 
addition, CCSDS packet format is adopted in the UDP data 
packets that check the consistency during the data 
transceiver and guarantee the controlling of the data 
sequence. 

The process of the data packing is shown as figure 6, 
firstly the UDP frame head is added to the initial data about 
the message of payloads, which includes source port, 
destination port, the length of UDP data and the checksum. 
Secondly the IP head is added, which includes source IP 
address, destination IP address, IP data length, checksum 
etc. Finally the Ethernet frame format is encapsulated 
accord with IEEE802.3 standard which is composed of the 
destination MAC address, source MAC address and the 
length of Ethernet frame. The source MAC address is the 
local physical address and has been set in the initialization 
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program. The CRC checksum of the IEEE802.3 frame 


structure would be accomplished automatically by 
KSZ8851. 
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igades IP header} UDP header The application layer data ending 
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FIg.6. Package structure of Ethernet format based on UDP. 


Unpacking data can be taken as the inverse process of 
packing. As shown in the figure 7, the micro-controller 
DSP analyzes the datagram in different methods according 
to the different header of them. When KSZ8851_ has 
received an Ethernet data frame in data link layer and save 
them in the array, firstly estimate the type of the data 
frames. If ARP packet, add the information to ARP table. If 
IP packet, comparing the received IP address to the local IP 
address and testing the checksum meanwhile, DSP receives 
the datagram if the IP address are the same, otherwise 
discards it. If the checksum is not correct, it indicates that 
some error occur during the transmission, the IP datagram 
should be discarded also, but does not generate the error 
message packet [10]. 
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Fig 7. Flow chart of receiving data. 


4. THE ANALYSIS OF THE TEST RESULT 


During the test, we use network analyze software Wireshark 
to catch the procedure of UDP communication between the 
Ethernet module of the payloads and the upper computer. 
The ARP link test is performed firstly. Figure 8 is a screen- 
capture of the data frame that displays the sequence of the 
ARP and UDP. The micro-controller DSP send an ARP 
request to the upper computer, after the request is received, 
the computer will send out an ARP reply that includes its 
MAC address, and then the communication is established. 
Analyzing one of the captured UDP datagram, we 
conclude that the destination MAC address is “00 15 c5 3e 
11 c5” , which is the MAC address of the upper computer. 
The source address is “20 01 33 31 8f 5a” which is also 
the MAC address of the base board. The test IP address of 
the LAPTOP is “193.168.1.40” while the IP address of 
the base board is “192.168.1.11” , the source port and the 
destination port are all “2100” . The CCSDS telemetering 
data packet is in the data strict of the captured datagram. 


WW Broadcom 440x 10/100 Integrated Controller: Capturing - Wireshark BEz] 
Ble {dt Yew Go Copre paire Statistics Telephony Took Help 
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Fig 8. Process of the UDP communication test. 
5. CONCLUSION 


According to the communication requirement of space 
science experiment payloads , the paper detailedly 
introduces an design of an Ethernet interface based on 
TMS320F2812 and KSZ8851 and analyzes the software 
function in this DSP and transceiver drivers of KSZ8851. In 
this system, the Internet Protocol, the Internet Control 
Message Protocol, the Address Resolution Protocol, the 
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Reverse ARP, the Transmission Control Protocol , the 
CCSDS Packet Telemetry format and the User Datagram 
Protocol are all be realized. The results of experiments 
demonstrate that the performance of this Ethernet interface 
design is stable. This design is a concise construction, 
which can be realized easily in most embedded system and 
can be used in many applications for the Ethernet 
communication between data management units and 
experiment payloads in the future. 
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